Conversion Factors and Vertical Datum

Conversion Factors
Multiply
By To obtain acre-foot (acre-ft) cubic foot per second (ft3/s) cubic yard (yd3) foot ( Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 a geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.
Definition
Water year: A water year is a 12-month period that begins October 1 and ends September 30 and is designated by the calendar year in which it ends. In this report, years are water years unless otherwise noted.
INTRODUCTION
Floodflows and peak stages of floods were measured at sites along the Sacramento River and in Butte Basin during 1980-90 to document magnitudes of flooding. The study reach extends from rivermile 200 near Hamilton City to rivermile 134 near Meridian (fig. 1) ; the rivermile system was designated by the U.S. Army Corps of Engineers (1984) . Because streambank erosion and channel migration of the river may change proportional amounts of flow in the river and Butte Basin, peak stage and channel geometry changes were monitored in the study reach during 1980-90. Six cross sections of the river were surveyed annually during calendar years 1981-84 and 1986-90 to determine the extent of channel migration and scour caused by channel erosion. This report presents data that supplement flood data assembled during earlier studies of flooding of the Sacramento River and Butte Basin for 1874 (Blodgett, 1981 and 1973 -77 (Simpson, 1978 . Studies of floodflows in the Sacramento River and Butte Basin have been reported by the U.S. Geological Survey in cooperation with the California Department of Water Resources and other agencies since 1970.
Butte Basin is an agricultural area on the flood plain east of the Sacramento River ( fig. 1 ) between Big Chico Creek and Meridian. Rice is the principal crop, but orchards and row crops also are cultivated in the area. Much of the basin is a waterfowl-wintering area that is enhanced by flooding. Changes in the distribution of flows across the flood plain are caused by farming activities, growth or clearing of vegetation, and roadway and bridge construction (Blodgett and Stiehr, 1974) . Simpson, 1978) .
during flows that exceed about 40,000 ft3/s, controlled overbank flow into Butte Basin occurs at Moulton and Colusa Weirs near Colusa. When river flows exceed about 80,000 ft3/s, flows begin to inundate Butte Basin between rivermiles 194 and 176 upstream from the end of the left-bank levee near Glenn by over-topping the riverbank and by entering sloughs and swales near the river channel. Filling of scour holes and modification of levees to regulate the amount of overbank flow to Butte Basin in the reach between rivermiles 194 and 176 were necessary following the floods in 1983 and 1986.
The diversions of floodwater to Butte Basin between Chico and Glenn decrease the total flow of the river within the leveed channel downstream from rivermile 176. The design flow capacity of the river in the leveed channel upstream from Moulton Weir to Butte City is 160,000 ft3/s; overbank diversions from the river to Butte Basin near Chico prevent excessive flows that could cause overtopping of levees on both banks downstream from Glenn.
Overland flow in Butte Basin was about one-third of the total peak flow of 225,000 ft3/s measured at the latitude of Butte City on January 24, 1970 (Blodgett and Pearce, 1971) . Because most bridges on State Highway 162 in Butte Basin lack the capacity to convey floods, excess floodflows cross the highway between bridges at eleven sites.
FLOOD DATA
Floodflows were measured at the following sites (figs. 2 and 3) to define flow distribution:
1. Sacramento River at Butte City (11389000) 2. Angel Slough at Ord Ferry Road (11390140) 3. Fifteen bridges and eleven road-overflow sites on State Highway 162, including Butte Creek (11390020) and Campbell Slough (11390027).
Bridges and road-overflow sites are considered miscellaneous measuring sites, except at Butte Creek and Campbell Slough ( fig. 3) , where streamflow gaging stations are operated. Peak stages were measured at streamflow gaging stations, crest-stage gaging stations, and historical high-water mark sites ( fig. 2) . Peak stage data at selected sites are used to define water-surface profiles and indicate locations where peak stages are encroaching on the levee freeboard. Freeboard is that part of the levee 3 ft below the top (U.S. Army Corps of Engineers, 1991) .
PEAK FLOWS
The possibility of flooding at Butte City can be estimated by using the California Department of Water Resources and California-Nevada forecast center, which provides hourly stage and flow data for the Sacramento River at Ord Ferry (11388700) ( fig. 2 ) and other stations in the study reach. During the floods of February 1980 , December 1981 , January and March 1983 , and February 1986 , flow measurements were made in the Sacramento River at Butte City and in Butte Basin at selected locations on State Highway 162 ( fig. 3 ) to determine the rates of flow in the river and in Butte Basin. Flows were not measured on State Highway 162 during the flood of December 1983. Measurements were made at the latitude of Butte City because the gaging stations Sacramento River at Butte City (11389000), Campbell Slough (11390027), and Butte Creek (11390020) are the only stations upstream from Moulton Weir that record the total flow of the river between the levees and overland flow in Butte Basin. During the flood of February 18-19, 1986 , peak flow in Butte Basin east of Butte City including Butte Creek was 73,800 ftVs, which, when combined with 145,000 ft3/s in the river, indicates total flow of 219,000 ft3/s at Butte City. Peak flows and peak stages for years 1980-86, for the Sacramento River at Butte City and Angel Slough at Ord Ferry Road are given in table 1.
Flows at bridges were measured by suspending current meters with weights from the bridge, and road overflows were measured by using a wading rod placed along the highway centerline. Descriptions and a map of the overflow areas and bridges ( fig. 3) were first prepared by Blodgett and Pearce (1971) . Floodflows not obtained by field measurement were determined using streamflow rating curves, which were developed for each bridge and each roadoverflow area. Revisions of the rating curves for different floods were required at some sites after channel changes, such as scour or vegetative growth, occurred. Different streamflow ratings for bridge 11-24 for two flood periods are shown in figure 4.
The distribution of peak flows during 1980-86 at the latitude of Butte City during selected floods is given in table 2. The duration of flooding in Butte Basin is based on data obtained at the two gaging stations (Campbell Slough, 11390027, and Butte Creek, 11390020) on State Highway 162 near Butte City. The total volume of the flood of February 19-23, 1980 , at the latitude of Butte City, computed from hydrographs shown in figure 5 , was 1.37 million acre-ft. 
PEAK STAGES
Water-surface elevations (stage) of floods exceeding 80,000 ft3/s at the Butte City gage (11389000) were documented at selected sites along both banks of the Sacramento River and in Butte Basin. Peak stage data can be used to determine flood profiles, indicate amount of freeboard in leveed reaches, and compute slopes of the water surface between selected locations. Data-collection sites ( fig. 2 ) include streamflow gaging stations, crest-stage gaging stations and locations of historical high-water marks, mostly near the banks of the river. Elevations of all marks were referenced to sea-level datum, using National Geodetic Survey benchmarks and a vertical control network established in Butte Basin during 1970 -73 (BlodgettandStiehr, 1974 Blodgett, 1981) .
Elevations of peak stages obtained at selected sites during 1980-86 are included in table 3. Hydrographs of selected peak stages of the Sacramento River at the gaging stations at Ord Ferry (11388700), Goose Lake -19,1986 , are shown in figure 6.
Peaks at crest-stage gaging stations were documented by lines of floating particles of cork that cling to wood sticks placed inside vertical steel pipes with holes to admit water and air.
Peaks at historical high-water-mark sites were determined by level surveys to high-water marks. These marks consist of grass particles, seeds, debris, mud stains, and washlines left at the highest (peak) stage.
FLOODS OF 1980-86
Water-surface elevation and floodflow data were collected in the study reach during floods of February 1980 , December 1981 , January, March, and December 1983 , and February 1986 . Peak flows for the floods in the Sacramento River at Butte City ranged from 102,000 to 157,000 ft3/s ( 
CHANNEL GEOMETRY
Cross sections at fixed monumented locations of the Sacramento River were surveyed annually during 1981-84 and 1986-90 fig. 7 and table 4 , at back of report) were obtained by level surveys and fathometer. All elevations for these cross sections are referenced to sea-level datum. Because initial points (station 0 ft) on the left bank were the same for all surveys at each cross section, the surveys can be used to indicate changes in channel geometry and location. Cross sections are located where bank protection (rock riprap) was placed before 1980 (sections 1, 2,4, and 6), where rock riprap was placed in 1988 (section 3), and where no riprap has been placed (section 5). Data were collected in the study reach during floods of February 1980 , December 1981 , January, March, and December 1983 , and February 1986 . These data were collected at about 70 sites for each flood. Peak flows in the Sacramento River at Butte City ranged from 102,000 to 157,000 cubic feet per second.
SUMMARY
Flows were measured at the Sacramento River at Butte City, Angel Slough at Ord Ferry Road, and 15 bridges and 11 road-overflow sites on State Highway 162. Peak stages were documented at streamflow gaging stations, crest-stage gaging stations, and historical high-water-mark sites. Six cross sections of the Sacramento River between rivermiles 193.7 and 183.3 were surveyed annually during calendar years 1981-84 and 1986-90 to determine the extent of channel migration and scour caused by channel erosion. 
